Introduction
Maize (Zea mays L.), the leading summer crop of Pakistan, is equally famous in rest of the world agriculture system. The national average yield of maize in Pakistan is very low (2984 kg ha -1 ) with a further half of the national average yield (1590 kg ha -1 ) in Khyber Pakhtunkhwa [1] . Besides the seasonal water shortage, the reason of this low yield could be associated to poor soil organic matter and either low or inappropriate nutrients application to the crop especially the nitrogen. Density also matter for lower production [2] that either not properly maintained after sowing and/or does not meet the required density during anthesis [3] . The shift affinity from an open pollinated variety to hybrid has increased in the cultivation for the region. However, sufficient nutrients application to the hybrids as per crop and soil demand is still stagnant due to either shortage at sowing time in the market and/or poor economic status of the local growers [4] . Similarly higher seed cost of commercial than the local hybrids limited growers to maintain the desired density under the circumstances if moisture has been highly depleted at the time of planting and/or water availability limits the crop establishment in the early growth and development phase [3, 5] . Maize roots have been identified the highly sensitive in response to moisture in the early establishment phase of growth [6, 7] . It is obvious that a good commercial hybrid might not perform as to the expectation of growers in the prevailing situations if the applied inputs not meet the crop requirements and/or the abrupt changes in weather and climate make the plant inefficient to perform accordingly e.g. abrupt fluctuations in seasonal temperatures at anthesis and grain development, short duration stress of heat and drought in day time in hot summer and/or the nights and day temperatures change, nutrients application rates and combination over the growth period of plants, seedbed preparation equipment and sowing method and the essential post cultivation management practices. From partial to a complete failure in germination and achieved the desired plant stand has been frequently observed in commercial hybrid [4] . Significant variation in yield has also been observed in different varieties [8] . Difference in soil nutritional status of a field within a location has also caused significant difference in productivity. Minor shortage of a soil nutrient at specific growth stage of the plant has also decreased in the productivity [9] . To maintain the desired density during the crop growth is a problem in the area and it has remained a question since long especially for the maize growers. Because maize has been contributed for green fodder in the summer and growers were used to thin-out 
Abstract
The objective of this research was to study the response of maize Local Vs Commercial hybrid to various levels of nitrogen (N) and plant density (D) for yield (Kg ha -1 ). Maize local hybrid (Baber) and Commercial hybrid (Poineer-3025) were planted using four levels of nitrogen (00, 75, 150, 225 kg ha -1 ) and three plant densities (74000, 95000 and 133000 ha -1 ) at Agronomy Research Farm Malakandher, University of Agriculture Peshawar during summer 2009. Randomized Complete Block Design with split plot arrangement replicated three times was used. Sowing was done by hand at uniform row spacing 75 cm apart & plant densities were maintained at 10cm, 14cm and 18cm distances in rows, respectively. Results revealed that varieties did not differ (p<0.05) in yield or its traits, however, N showed marked difference in the canopy green area index (GAI), plant height, ear per plant, grains ear -1 including thousand grains weight. Plant densities also showed marked changes in the GAI, ear plant -1 , grains number ear -1 , grain rows ear -1 , 1000 grains weight that affected grain yield. The interactions of treatments were found significant (p<0.05) for grain yield due to differences in yield contributing traits. The study suggested that irrespective of variety, higher N 225 kg ha -1 under the D 95,000 ha -1 contributed towards higher yield with relatively higher biomass. It is obvious to planting maize at 14cm distances within 0.75m rows in Peshawar. Nonetheless, varieties both local and/or commercial have shown almost a similar potential under the applied inputs and climate of the area.
INTRODUCTION
Maize (Zea mays L.), the leading summer crop of Pakistan, is equally famous in rest of the world agriculture system. The national average yield of maize in Pakistan is very low (2984 kg ha -1 ) with a further half of the national average yield (1590 kg ha -1 ) in Khyber Pakhtunkhwa [1] . Besides the seasonal water shortage, the reason of this low yield could be associated to poor soil organic matter and either low but inappropriate nutrients application to the crop especially the nitrogen. Density also matters for lower production [2] that either not properly maintained after sowing and/or does not meet the required density during anthesis [3] . The shift affinity from an open pollinated variety to hybrid has increased in the cultivation in the region. However, sufficient nutrients application to the hybrids as per crop and soil demand is still stagnant due to either shortage at sowing time in the market and/or poor economic status of the local growers [4] . Similarly higher seed cost of commercial than the local hybrids limited growers to maintain the desired density under the circumstances if moisture has been highly depleted at the time of planting and/or water availability limits the crop establishment in the early growth and development phase [3, 5] . Maize roots have been identified the highly sensitive to response to moisture in the early establishment phase of growth [6, 7] . It is obvious that a good commercial hybrids might not perform as to the expectation of growers in the prevailing situations if the required inputs not meet the crop requirements and/or the abrupt changes in weather and plants in early growth stages. In remote area and at higher elevation, farmers are used to plant maize with relatively high density to create opportunity for green fodder during the maize weeding. Moisture loss at the sowing time and/or outbreak of moon-soon rains during the crop growth and development phase with borer attack on young plants are major hazard to sustain the desired plant density in the area. Efficiency of planting methods and equipment do play a promising role in maintaining the desired plant density for the optimum productivity. Struggles are therefore essential to optimize the optimum density for higher production in area to utilize maximum solar light for production [5, 10] . We tried to compare a local and a commercial hybrid for yield and traits with traditional production system at different density and N application. Key words: Plant density, N rates, Varieties, Maize yield, Yield traits Materials and Methods Field experiment was conducted on an ecotype, Tarnab soil series (fine salty, mixed hyper-thermic udic haplustepts). The study site is about 1200 km in north of Indian oceans at an altitude of 350m, latitude 34.01 O N at Agric. Res. Farm, University of Agricultural, Peshawar, Pakistan. Topography of the experimental location can be described as gently sloping from north to south. Mountains surround the Peshawar valley and two rivers flow in to provide water for irrigating the crops. Drought occurred in south due to water limitation of the annual precipitation ranges from 250 to 1500mm. Irrigation facility also limits crop water demand from mild to moderate from north to south in the area. Soil of the site is generally clay loam, low in organic matter (0.15%) and moderately alkaline (pH 8.15) with total N content about of about 0.7 to 1.05%. The experiment was conducted in summer during 2009 in randomized complete block design with split plot arrangement replicated three times. A sub-plot was measured 4.0 m in length and 4.5 m in width for accommodating six rows at 0.75 m distance in the NS direction. Two maize hybrids, a local (cv. Baber) and commercial (cv. P-3025), were planted as main plot treatment. The nitrogen (N = 0, 75, 150, 225 kg ha -1 ) and plant density (D = 74,000, 95,000, 133,000 ha -1 ) were assigned as subplot treatments. The sowing was done manually with drill in lines 0.75 m apart on June 21, 2009. Phosphorus was applied @ 100 kg ha -1 uniformly as basal application during seed-bed preparation. Nitrogen was applied in two split doses; half at sowing during seedbed preparation and half (25 days after sowing = DAS) with first weeding to the crop and subsequently irrigated. Planting was done with uniform seed rate (33 kg ha -1 ) and the desired density was maintained manually by thin-out the extra plants from each row of the experimental unit (between 19 and 22 DAS). For the desired plant density, 10, 14 and 18 cm plant to plant distances within each row, by leaving 22, 28 and 40 plants row -1 , were maintained during weeding. This produces approximately 74, 95 and 133 thousand plants ha -1 , respectively. All other agronomic practices were kept constant. Growth phenology and yield were focused on two central rows in an experimental unit while the yield traits were recorded at harvest on ten uniformly representative plants. The final yield and dry matter was observed in two central rows. Canopy green area index (GAI) was recorded on non-destructively a week before the harvesting at physiological maturity with plant canopy analyzer (LI-2000, LI-COR, USA). Grain yield (kg ha -1 ) was estimated from two central rows by threshing and shelling all grains and adjusting with 16% grain moisture contents (Dickey John's, Grain moisture Tester, USA). All data were subject to analysis of variance (ANOVA) using ANOVA model of SAS [11] for measurements made in the field. Analysis were made using appropriate model for randomized complete block design with split plot arrangement and means were tested using LSD (p<0.05) where found significant.
Results and Discussion
Canopy green area index (GAI) of maize hybrids is shown in Table 1 . Meditation of the data revealed that hybrids did not differ (p<0.05) in GAI. However, the treatments plant density (D) and nitrogen (N) were found significant for GAI. The maximum GAI (3.46) was observed in higher D (133,000 ha -1 ) and the minimum in lower D (74,000 ha -1 ). Likewise, the highest N 225 kg ha -1 showed the highest GAI (3.22) which did not differ (p<0.05) than 150 kg ha -1 . The control treatment showed the lowest (2.18) GAI. The only interaction of treatments (V x D) was significant for the GAI (Fig. 1a) . Generally, the GAI was observed lower at the lower D and higher at the maximum D. Interactive effect of treatments V x D revealed a high GAI (3.78) for Baber under D 133,000 ha -1 and lower GAI (2.37) for P-3025. A similar trend was noted with high for local Baber and low for the commercial P-3025 under D 95,000 ha -1 . Contrary to that, commercial over local showed a higher GAI in the early establishment phase. All other interactions were non-significant (p<0.05). The results are in agreement literature [12] to the extent it has reported that canopy area index expands with increasing population (4.5 to 13.5 plants m -2 ) but the higher GAI of local vs. commercial might be associated to their canopy structure. Baber showed taller plants than P-3025 (data not shown) might have also produced higher nodes and hence reflected a relatively denser canopy. The ear number plant -1 indicated a non-significant effect between the local and commercial hybrid (Table 2) . Literature also supports that increased density from optimum to the maximum increased barren plants per unit area and hence we observed a lower ear number per unit area [3] . Similarly, a higher ear number (1.07) was observed in the highest N 225 kg ha -1 treatment which subsequently decreased (p<0.05) when N application limited to 75 kg ha -1 . The control treatment was found non-significant to the lowest N application. Treatment D x N interactions also showed a significant response for the ear number (Fig. 1b) . Increased N from control and/or the lowest 75 kg ha . All other interactions were non-significant (p<0.05). An increase to a decrease in the ear number is a common phenomenon and associated with too many factors e.g. varieties, soil nutrition and climate. However, the suppressive effect of the denser population on yielding ear plant -1 has also been reported in literature [13] which is totally different from the findings [14] . They have reported that lighter population increases ear plant -1 . High ear number plant -1 in lighter population might be due to less competition for resources e.g. light by the over shaded leaves in the canopy or higher demand of the sink than source. It is quite frequently reported that increased N application sowed an increase in ear plant -1 which might be that demand on N is met by the source for a sink [15] . Grain number ear -1 data are given in Table 3 . Statistical analysis of the data revealed a non- Means followed by different letters in a category are significantly different (p≤0.05) using the LSD test.
Plant population(000 ha . The minimum (271.61) grain number was reported in the control treatment. Treatments N x D showed a significant effect on grain number (Fig. 1c) . Grains ear -1 was higher in lower densities of all treatments but with increase in N application, grains number ear -1 increased. The maximum was observed in D 74,000 ha -1 which increased with the increasing N to the maximum 225 kg N ha -1 . Similarly, the minimum grain number was observed in the D 133,000 ha -1 starting from control to the highest N 225 kg ha -1 . All other possible interaction were found non-significant (p<0.05) for the grain number data. These results are in agreement with findings of literature [16] where it is reported more grains ear -1 in the lower population. Similar results are also reported in the literature [17] . It is also cited [18] that higher population at low level of nitrogen had suppressed grains ear -1 . Nitrogen plays a central role in grain formation, grains ear -1 increased linearly with increased N [19] . The grain row number ear -1 data is shown in Table 4 . Statistical analysis of the data showed that variety was nonsignificantly differed for row number but treatment D and N did vary in grain row number. The highest grain rows ear -1 (12.6) was observed for D 95,000 ha -1, while the minimum (12) for D 74,000 ha -1 . Treatments N 225 and 150 kg ha -1 showed the maximum grain rows ear -1 (12.9) followed by the N 750 kg ha -1 . The minimum (11.6) grain row number was observed in control. Interaction of treatment V x D was significant for grain row numbers (Fig 1d) . The highest (13.2) grain row number ear -1 was recorded for variety Baber than P-3025 at 74000 ha -1 and 95,000 plants ha -1 . The D 113,000 ha -1 did not show any difference in grain rows for variety P-3025 and Baber. All other interaction were found nonsignificant (p<0.05) for the grain row per ear data. Thousand grains weight (g) was non-significant between both varieties, but did differ for the D and N ( Table 5 ). The highest thousand grain weight (232 g) was recorded for D 74,000 ha -1 and the minimum (204 g) for the D 133,000 ha -1 . Likewise, the maximum thousand grain weight (233 g) was recorded for N 225 kg ha -1 , followed by with a significant difference for N 150 kg ha -1 . The minimum (201 g) thousand grains were observed in the control treatment. All other interactions were non-significant for the grain index (p<0.05). Some scientist [17, 20] have observed relatively higher grain row number ear -1 in N 150 kg ha -1 which can be enhanced further with increase in the N, because N is the key factor affecting vegetative as well as reproductive growth. The higher the N contents in plant leaves the greater would be the assimilate production [21] . A decrease in the grain index with increase in the density agreed with findings of the literature [18, 22] . The grain weight is genetically controlled and greatly affected by the surrounding environmental factors during the grain filling.
However N application has increased the protein content which significantly increased the grain number and weight [23] . Data for biological yield (kg ha -1 ) are presented in Table 6 . Statistical analysis of data showed a nonsignificant effect between the varieties. However, biological yield did differ for the treatments D and N. The highest biological yield (11994 kg ha -1 ) was observed for D 133,000 ha -1 and the lowest (11279 kg ha -1 ) for D 74,000 ha -1 . Nitrogen treatments showed the highest biological yield (12803 kg ha -1 ) for N 225 kg ha -1 , which significantly (p<0.05) declined for each reduction in N application. The control plots showed the lowest biological yield (9557.22 kg ha -1 ). The only interaction of the treatments variety x N was found significantly different for biological yield (Fig. 1e) . Increased N increased biological yield for both varieties but with the higher rates for local than the commercial. It was expected and is quite natural that higher the density per unit the higher would be the biomass [23] . However, our findings did agree with findings of [24, 25] who have reported a positive favorable response of the biological yield with increased in the soil N. The grain yield (kg ha -1 ) showed that variety did not differ from each other. However, a significant effect of D and N for grain yield was common as observed for the grain traits ( Table 6 ). The highest grain yield (3481 kg ha -1 ) was recorded for D 95,000 ha -1 and minimum (3004 kg ha -1 ) for the D 74,000 ha -1 . The N 225 kg ha -1 showed the highest grain yield (3744 kg ha -1 ) which decreased significantly for each reduction in N with lowest (2364 kg ha -1 ) for the control has 00 kg ha -1 . All interactions of the treatments were nonsignificant (p<0.05) for grain yield. Our results are in contrast with those of [26] who reported that population positively influenced the grain yield in maize. Grain yield linearly increased with increased in nitrogen, reached to maximum at the highest N. Continuous increase in grain yield with successive increase in N showed relatively high genetic potential of grain [3, 25, 27] . The study suggests that higher N might delay anthesis but enables plants to build enough biomass for the optimum production if otherwise season permits reproductive growth. Increased density and N have increased canopy height to yield enough biomass. Yield traits e.g. ear number plant -1 , grain rows ear -1 and grain weight were the major contributor affected by the treatments, and hence resulted the higher biological and grain yield under the high N rate. Density did not increase the individual plant traits but did increase on area basis which results the higher biomass as well as grain yield. It is suggested that maize shall be planed at 14 cm in 75 cm rows to maintain D 95,000 plants ha -1 for the optimum production. Variety does not matter but nutrients the N and density does matter yield.
